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1
NON-CONTACT POWER TRANSMISSION
APPARATUS

TECHNICAL FIELD

The present invention relates to a non-contact power trans-
mission apparatus that transmits power in a non-contact man-
ner. More particularly, the invention relates to a non-contact
power transmission apparatus that can be miniaturized and
made thin.

BACKGROUND ART

Recently, in portable electronic devices such as a portable
telephone or an electronic information terminal, a secondary
battery that can be discharged or charged, e.g., a lithium ion
battery or a nickel hydride battery, is frequently used. The
portable electronic device using the secondary battery
includes a charging terminal in its body. The secondary bat-
tery is charged by connecting the terminal to a charger.

The portable electronic device is ordinarily held near a user
to be always ready for use. Accordingly, when the charging
terminal is exposed from the body of the portable electronic
device, there is a possibility that the user will touch the charg-
ing terminal and receive an electric shock. There is also a
possibility that metal will touch the charging terminal to
cause short-circuiting of the portable electronic device.
Recently, therefore, there has been offered a non-contact
power transmission apparatus that can charge the portable
electronic device in a non-contact manner without using any
charging terminal.

As the non-contact power transmission apparatus, there is
known a non-contact power transmission device of an elec-
tromagnetic induction type in which a charger includes a
primary coil for power transmission and a portable electronic
device includes a secondary coil for power reception. Power
can be transmitted in non-contact by supplying current to the
primary coil to generate a magnetic flux and causing the
secondary coil to generate an induced electromotive force by
the magnetic flux.

However, in the non-contact power transmission device of
the electromagnetic induction type, when there is any metal
component around the primary coil or the secondary coil, the
magnetic flux generated at the primary coil may leak to the
metal component. The leakage of the magnetic flux to the
metal component creates problems of not only a drop in
power transmission efficiency but also heat generation at the
metal component.

Particularly, in a portable electronic device required to be
miniaturized and made thin, a secondary coil and a metal
component are arranged closer, and more magnetic fluxes
easily leak due to the metal component. Thus, JP2000-
201442A (Patent Literature 1) discloses a non-contact power
transmission device that can prevent leakage of a magnetic
flux to a metal component. FIG. 1 schematically shows the
non-contact power transmission device disclosed in Patent
Literature 1.

As shown in FIG. 1, the non-contact power transmission
device includes primary coil 2 disposed in charger 1 and
secondary coil 4 disposed in portable electronic device 3.
Primary coil 2 and secondary coil 4 are arranged to face each
other when portable electronic device 3 is mounted on
charger 1. Primary coil 2 receives current to generate a mag-
netic flux ®1. By supplying the current to primary coil 2 in the
mounted state of portable electronic device 3 on charger 1, the
magnitude of the magnetic flux ®1 applied on secondary coil
4 is greatly changed. As a result, an induced electromotive
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force is generated at secondary coil 4, and power is transmit-
ted from primary coil 2 to secondary coil 4 in non-contact.

The non-contact power transmission device disclosed in
Patent Literature 1 further includes magnetic-substance layer
5 disposed to cover a surface opposite the surface of second-
ary coil 4 facing primary coil 2. Since magnetic flux &1
passes through magnetic-substance layer 5, leakage of mag-
netic flux @1 to the metal component around the non-contact
power transmission device can be reduced. As a result, a drop
in power transmission efficiency and heat generation at the
metal component can be prevented.

However, when magnetic flux ®1 of a size equal to or
larger than an acceptable range is applied to magnetic-sub-
stance layer 5, magnetic saturation occurs at magnetic-sub-
stance layer 5. The magnetic saturation causes leakage of
magnetic flux ®1 from magnetic-substance layer 5 to the
metal component disposed around metal-substance layer 5,
creating a possibility that the power transmission efficiency
will drop and heat will be generated at the metal component.
Thus, in the non-contact power transmission device disclosed
in Patent Literature 1, the magnitude of magnetic flux ®1 is
limited to prevent magnetic saturation at magnetic-substance
layer 5.

A factor for determining the magnitude (hereinafter, “satu-
rated magnetic flux”) of magnetic flux ®1 causing magnetic
saturation at magnetic-substance layer 5 is the thickness of
magnetic-substance layer 5. The saturated magnetic flux at
magnetic-substance layer 5 can be enlarged by forming mag-
netic-substance layer 5 thick in a direction perpendicular to
that of the magnetic flux ®1 passed through magnetic-sub-
stance layer 5. However, thicker magnetic-substance layer 5
leads to enlargement of the non-contact power transmission
apparatus, causing enlargement of portable electronic device

To prevent magnetic saturation at magnetic-substance
layer 5, the current supplied to primary coil 2 can be reduced
to increase the magnitude of magnetic flux ®1. However, this
causes a drop in amount (hereinafter, “power transmission
efficiency”) of power transmitted per unit time. The drop in
power transmission efficiency necessitates longer time for
charging portable electronic device 3.

CITATION LIST
Patent Literature 1: JP2000-201442A

SUMMARY OF INVENTION

It is therefore an object of the present invention to provide
anon-contact power transmission apparatus that can be made
thinner without any drop in power transmission efficiency.
Solution to Problem

To achieve the object, according to an aspect of the present
invention, a non-contact power transmission apparatus
includes a primary coil, a secondary coil, a magnetic-sub-
stance layer, a magnet portion, and a magnetic pole switching
unit. The primary coil generates a magnetic flux. The second-
ary coil is disposed facing the primary coil to receive power in
a non-contact manner from the primary coil by electromag-
netic induction so that the magnetic flux of the primary coil
can pass through the coil. The magnetic-substance layer is
disposed to cover a side opposite the side of the secondary coil
facing the primary coil so that the magnetic flux of the pri-
mary coil that passed through the secondary coil canpass. The
magnet portion is disposed to be able to switch two magnetic
poles. The magnet portion is also configured to generate a
magnetic flux that is larger than a difference between the
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maximum value of the first magnetic flux generated at the
primary coil and the saturated magnetic flux of the magnetic-
substance layer and passes through the magnetic-substance
layer in a direction in which the magnetic-substance layer
spreads. The magnetic pole switching unit detects the direc-
tion of the magnetic flux generated at the primary coil, and
switches the magnetic pole of the magnet portion to generate
a magnetic flux in a direction opposite the direction of the
magnetic flux.

According to the present invention, the non-contact power
transmission apparatus can be made thinner without any drop
in power transmission efficiency.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view showing a non-contact power
transmission device disclosed in Patent Literature 1,

FIG. 2 is a partial schematic view showing a charger and a
portable electronic device in a non-contact power transmis-
sion apparatus according to the exemplary embodiment of the
present invention,

FIG. 3 is a view showing a B-H curve indicating magnetic
characteristics of the magnetic-substance layer shown in FIG.
25

FIG. 4 is a view showing a B-H curve indicating magnetic
characteristics of the magnetic-substance layer in a state
where a magnetic bias of a negative direction is applied to the
magnetic-substance layer,

FIG. 5 is a view showing a B-H curve indicating magnetic
characteristics of the magnetic-substance layer in a state
where a magnetic bias of a positive direction is applied to the
magnetic-substance layer,

FIG. 6 is a schematic view showing a configuration of a
magnet portion shown in FIG. 2,

FIG. 7 is a schematic view showing a configuration of a
magnetic pole switching unit shown in FIG. 2,

FIG. 8 is a time chart showing the operation of the non-
contact power transmission device according to the exem-
plary embodiment,

FIGS. 9A and 9B are Graphs showing changes with time of
magnetic flux generated at a primary coil, a magnetic flux
generated at the magnet portion, a saturated magnetic flux at
the magnetic-substance layer, and an induced electromotive
force generated at a secondary coil, and

FIG. 10 is a graph showing changes with time of the abso-
Iute values of induced electromotive forces generated at the
secondary coils of the non-contact power transmission appa-
ratus according to the exemplary embodiment and the related
technology.

DESCRIPTION OF EXEMPLARY
EMBODIMENT

Hereinafter, a non-contact power transmission apparatus
according to the exemplary embodiment of the present inven-
tion will be described with reference to the drawings.

FIG. 2 is a partial schematic view showing a charger and a
portable electronic device in a non-contact power transmis-
sion apparatus according to the exemplary embodiment of the
present invention. FIG. 2 shows a state where the portable
electronic device is mounted on the charger to be chargeable.

As shown in FIG. 2, the non-contact power transmission
apparatus includes primary coil 2 disposed for power trans-
mission in charger 1, and secondary coil 4 disposed for power
reception in portable electronic device 3. Each of primary coil
2 and secondary coil 4 has an arbitrary surface surrounded
with a conductor. Primary coil 2 and secondary coil 4 are
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arranged so that the arbitrary surfaces can face each other
when portable electronic device 3 is mounted on charger 1.

Primary coil 2 is electrically connected to an AC power
supply source (not shown). A magnetic flux ®1 is generated
around primary coil 2 by supplying current to primary coil 2.
The magnetic flux ®1 is generated to circulate through the
annular inner and outer sides of primary coil 2. The magnetic
flux @1 passes through secondary coil 4. The magnitude of
the magnetic flux @1 that penetrates the arbitrary surface of
secondary coil 4 that is surrounded with the conductor
changes to generate an induced electromotive force at sec-
ondary coil 4.

Secondary coil 4 is electrically connected to battery pack 6
that can store power. The power is stored in battery pack 6 by
an induced electromotive force generated at secondary coil 4.
In other words, battery pack 6 is charged by transmitting
power from primary coil 2 to secondary coil 4 in non-contact.

The non-contact power transmission apparatus includes
magnetic-substance layer 5 formed into a sheet shape. The
sheet surface of magnetic-substance layer 5 covers a side
opposite the side of secondary coil 4 facing primary coil 2. By
forming magnetic-substance layer 5 thin, the size of portable
electronic device 3 can be reduced in the thickness direction
of magnetic-substance layer 5.

Magnetic-substance layer 5 contains an easily magnetized
substance. Accordingly, magnetic flux ®1 generated at pri-
mary coil 2 passes through magnetic-substance layer 5 to
circulate through the annular inner and outer sides of primary
coil 2 until magnetic saturation occurs at magnetic-substance
layer 5. Even when a metal component such as battery pack 6
is disposed close to magnetic-substance layer 5, leakage of
the magnetic flux ®1 to the metal component can be pre-
vented, and heat generation at the metal component and a
drop in power transmission efficiency can be prevented. Thus,
the metal component can be disposed close to magnetic-
substance layer 5, namely, the non-contact power transmis-
sion apparatus, and portable electronic device 3 can be min-
iaturized more.

The non-contact power transmission apparatus according
to the exemplary embodiment includes magnet portion 7
having magnetic poles and configured to apply a magnetic
bias to magnetic-substance layer 5. Magnet portion 7 is found
able to switch two magnetic poles, in other words, reversea N
pole and a S pole. When the magnetic poles are reversed, the
direction of magnetic flux ®2 generated around magnet por-
tion 7 is also reversed. The magnetic flux ®2 is larger than the
difference between the maximum value of magnetic flux ®1
at primary coil 2 and the saturated magnetic flux of magnetic-
substance layer 5.

One magnetic pole of magnet portion 7 is located on the
extension of a direction in which magnetic-substance layer 5
spreads. The other magnetic pole of magnet portion 7 is
disposed so that a line connecting the two magnetic poles of
magnet portion 7 can roughly perpendicularly cross the direc-
tion. Thus, the magnetic flux ®2 generated around magnet
portion 7 passes through the inside of magnetic-substance
layer 5 in the direction in which magnetic-substance layer 5
spreads. In other words, the magnetic flux @2 partially has the
same path as that of magnetic flux ®1.

Next, the magnetic characteristics of magnetic-substance
layer 5 will be described. FIG. 3 schematically shows the
magnetic characteristics (generally, B-H curve) of magnetic-
substance layer 5, a horizontal axis indicating magnetic field
H and a vertical axis indicating magnetic flux density B. The
direction of a magnetic flux applied in one of directions
parallel to the sheet surface of magnetic-substance layer 5 is
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a positive direction, while the direction of a magnetic flux
applied in a direction opposite the positive direction is a
negative direction.

As shown in FIG. 3, magnetic-substance layer 5 has a
saturated magnetic flux density Bmax. When a magnetic flux
equal or higher than the saturated magnetic flux density Bmax
is applied to magnetic-substance layer 5, magnetic saturation
occurs at magnetic-substance layer 5, and the magnetic flux
leaks from magnetic-substance layer 5.

FIG. 4 is a view showing a B-H curve indicating the mag-
netic characteristics of magnetic-substance layer 5 in a state
where a magnetic bias of a negative direction is applied to
magnetic-substance layer 5. FIG. 5 is a view showing a B-H
curve indicating the magnetic characteristics of magnetic-
substance layer 5 in a state where a magnetic bias of apositive
direction is applied to magnetic-substance layer 5. Chain
lines shown in FIGS. 4 and 5 are B-H curves indicating the
magnetic characteristics of magnetic-substance layer 5 in a
state where no magnetic bias is applied.

As shown in FIG. 4, by applying the magnetic flux of the
negative direction to magnetic-substance layer 5, the satu-
rated magnetic flux density Bmax in the positive direction is
increased. Accordingly, even when a larger magnetic flux of a
positive direction is applied to magnetic-substance layer 5, no
magnetic saturation occurs at magnetic-substance layer 5. As
shown in FIG. 5, by applying the magnetic flux of the positive
direction to magnetic-substance layer 5, even when a larger
magnetic flux of a negative direction is applied to magnetic-
substance layer 5, no magnetic saturation occurs at magnetic-
substance layer 5.

In other words, by applying a magnetic bias of a direction
opposite the direction of the magnetic flux @1 that is applied
to magnetic-substance layer 5, even when larger magnetic
flux @1 is applied to magnetic-substance layer 5, no magnetic
saturation occurs at magnetic-substance layer 5. Thus, no
magnetic flux leaks from magnetic-substance layer 5.

Inthe non-contact power transmission apparatus according
to the exemplary embodiment, as shown in FIG. 2, magnet
portion 7 is disposed so that one magnetic pole of magnet
portion 7 can come into contact with the end of magnetic-
substance layer 5. Since magnetic flux 12 by magnet portion
7 passes through magnetic-substance layer 5 along the sheet
surface of magnetic-substance layer 5, the magnetic flux ®2
is a magnetic bias to magnetic-substance layer 5.

By applying magnetic flux ®2 in the direction opposite
magnetic flux @1, the saturated magnetic flux density Bmax
(FIG. 3 or FIG. 5) of magnetic-substance layer 5 can be
increased. This enables thinning of magnetic-substance layer
5, and thus the non-contact power transmission apparatus can
be miniaturized more and made thinner.

The non-contact power transmission apparatus includes
magnetic pole switching unit 8 that switches the magnetic
poles of magnet portion 7. Magnetic pole switching unit 8 can
detect the direction of magnetic flux ®1 generated at primary
coil 2, and switch the magnetic poles of magnet portion 7
according to the direction of magnetic flux ®1.

Thus, the direction of magnetic flux ®2 by magnet portion
7 can be changed according to the direction of magnetic flux
@1 generated at primary coil 2. In other words, even when the
direction of the current supplied to primary coil 2 by the AC
current supply source is changed to change the direction of
magnetic flux ®1, the magnetic bias of the direction opposite
that of the magnetic flux ®1 can be applied to magnetic-
substance layer 5.

Referring to FIGS. 6 and 7, the configuration examples of
magnet portion 7 and magnetic pole switching unit 8 will be
described in detail.
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FIG. 6 is a schematic view showing a configuration of
magnet portion 7. As shown in FIG. 6, magnet portion 7 is
made of resin material 10 containing powdered magnet 9. As
powdered magnet 9, a rare-earth magnet such as a neody-
mium magnet or a samarium-cobalt magnet can be used.
Needless to say, the present invention is not limited to these
magnets. Any magnet can be used as long as a magnetic force
remains for a relatively long time.

Resin material 10 has enough viscosity to keep magnet 9 in
a static state when no magnetic force is received from the
outside, and enable magnet 9 to rotate when a magnetic force
is received from the outside.

Thus, when a magnetic flux of a predetermined direction is
applied to magnet portion 7, each magnet 9 rotates so that the
N pole of magnet 9 can face the direction of the magnetic flux.
Then, when the magnetic flux applied to magnet portion 7 is
released, since magnet 9 is kept in the static state by resin
material 10, the side of magnet portion 7 facing the direction
of the magnetic flux applied to magnet portion 7 is a N pole,
and a side opposite the direction of the magnetic flux is a S
pole.

For example, when a magnetic force of a direction from an
upper side to a lower side on a paper surface is applied to
magnet portion 7 and then released, the upper side of magnet
portion 7 on the paper surface is a S pole, and the lower side
of magnet portion 7 is a N pole.

Magnet portion 7 includes soft magnetic member 11. This
facilitates passage of the magnetic flux ®1 (FIG. 2) generated
at primary coil 2 through magnet portion 7.

FIG. 7 is a schematic view showing the configuration of
magnetic pole switching unit 8. As shown in FIG. 7, magnetic
pole switching unit 8 includes magnetic flux direction detec-
tion coil 12 for detecting the direction of the magnetic flux ®1
(FIG. 2) generated at primary coil 2, and electromagnet 13
energized to generate a magnetic force. The generation of the
magnetic force by electromagnet 13 is accompanied by the
generation of a magnetic flux ®3 (FIG. 2) by magnetic pole
switching unit 8.

Referring to FIGS. 2, 6, and 7, the detection of the direction
of magnetic flux ®1 generated at primary coil 2, the current
that is supplied to electromagnet 13, and the switching of the
magnetic poles of magnet portion 7 by magnetic pole switch-
ing unit 8 will be described. Magnetic flux direction detection
coil 12 is disposed in portable electronic device 3 so that the
magnetic flux @1 generated at primary coil 2 can be received
to generate an induced electromagnetic force in magnetic flux
direction detection coil 12. The direction of the magnetic flux
@1 generated at primary coil 2 can be detected from the
direction of the induced electromagnetic force in magnetic
flux direction detection coil 12.

To prevent magnetic flux direction detection coil 12 from
erroneously detecting the direction of current supplied to
primary coil 2, a magnetic flux generation coil for generating
a magnetic flux toward magnetic flux direction detection coil
12 can be separately disposed on charger 1 side. The magnetic
flux generation coil generates a magnetic flux in a predeter-
mined direction according to the direction of the current
supplied to primary coil 2, namely, the direction of magnetic
flux ®1 generated at primary coil 2.

By disposing magnetic flux direction detection coil 12 in a
position where the magnetic flux generation coil and mag-
netic flux direction detection coil 12 are not affected by mag-
netic fluxes ®2 and ®3 generated at magnet portion 7 and
electromagnet 13, erroneous detection of the direction of the
magnetic flux ®1 generated at primary coil 2 can be pre-
vented.
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Inthe present exemplary embodiment, magnetic flux direc-
tion detection coil 12 is used. However, as means for detecting
the direction of the magnetic flux ®1 generated at primary
coil 2, other known means can be used.

Magnetic flux direction detection coil 12 is electrically
connected to electromagnet 13, and current is supplied to
electromagnet 13 by an induced electromotive force gener-
ated at magnetic flux direction detection coil 12. A current
supply source (not shown) can be disposed between magnetic
flux direction detection coil 12 and electromagnet 13 to sup-
ply the current of a predetermined direction to electromagnet
13 according to the flowing direction of current generated at
magnetic flux direction detection coil 12, namely, the direc-
tion of current supplied to primary coil 2.

By supplying the current to electromagnet 13, a magnetic
force is generated at electromagnet 13, a part of magnetic pole
switching unit 8 is set to a N pole, and the place of magnetic
pole switching unit 8 opposite the N pole is set to a 5 pole. As
a result, a magnetic flux ®3 is generated around magnetic
pole switching unit 8. The direction of the magnetic flux ®3
generated around magnetic pole switching unit 8 is deter-
mined by the winding direction of a coil constituting electro-
magnet 13 or the direction of the current supplied to electro-
magnet 13.

The part of magnetic pole switching unit 8 set to the N pole
or the S pole is in contact with one magnetic pole of magnet
portion 7. When the part of magnetic pole switching unit 8 in
contact with one magnetic pole of magnet portion 7 is set to
the N pole, magnet 9 rotates so that the part of magnet portion
7 can be set to the S pole. When the part of magnetic pole
switching unit 8 is set to the S pole, magnet 9 rotates so that
the part of magnet portion 7 can be set to the N pole.

The inclusion of soft magnetic member 11 in magnet por-
tion 7 facilitates passage of magnetic flux 13 generated at
magnetic pole switching unit 8 through magnetic portion 7.
Thus, magnet 9 is easily affected by magnetic flux ®3 gen-
erated at magnetic pole switching unit 8, and the magnetic
pole of magnet portion 7 is easily switched.

Magnetic pole switching unit 8 stops the supplying of the
current to electromagnet 13 when the magnetic pole of mag-
net portion 7 is switched, and magnetic flux ®3 disappears.
After magnetic flux @3 has disappeared, magnet portion 7 is
not affected any more by the magnetic flux ®3. A magnetic
flux ®2 is generated to pass through magnetic-substance
layer 5. Since magnet 9 of magnet portion 7 is kept in the
static state by resin material 10, even after the magnetic flux
@3 has disappeared, the magnetic pole of magnet portion 7 is
maintained.

Next, referring to FIGS. 2, 8, 9A, and 9B, the operation of
the non-contact power transmission apparatus according to
the exemplary embodiment will be described. FIG. 8 is a time
chart showing the operation of the non-contact power trans-
mission apparatus according to the exemplary embodiment.
FIG. 9A is a graph showing changes with time of the magnetic
flux ®1 generated at primary coil 2, magnetic flux ®2 gener-
ated at magnet portion 7, and the saturated magnetic flux at
magnetic-substance layer 5. In FIG. 9A, a solid line indicates
magnetic flux @1, and a chain line indicates magnetic flux
@2. A chain double dashed line indicates the saturated mag-
netic flux at magnetic-substance layer 5. FIG. 9B is a graph
showing a change with time of the induced electromotive
force generated at secondary coil 4.

AsshowninFIGS. 8,9A, and 9B, when the operation of the
non-contact power transmission apparatus is started, AC cur-
rentis supplied to primary coil 2 to generate magnetic flux ®1
(step S1). The magnetic flux ®1 passes through an arbitrary
surface of secondary coil 4 surrounded with the conductor.
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Since the current supplied to primary coil 2 is AC, the
magnitude of the magnetic flux ®1 also changes. The mag-
nitude change of the magnetic flux ®1 is accompanied by
generation of an induced electromotive force at secondary
coil 4 (step S2). The magnitude of the induced electromotive
force at secondary coil 4 is proportional to the change per unit
time of the magnitude of magnetic flux ®1 put through sec-
ondary coil 4 (Faraday’s law of electromagnetic induction).

When the magnetic flux ®1 is generated, magnetic pole
switching unit 8 detects the direction of the magnetic flux ®1
generated at primary coil 2 (step S3), and switches the mag-
netic pole of magnet portion 7 in a predetermined direction
(step S4). A magnetic flux ®2 is generated from magnetic
portion 7 the magnetic pole of which has been switched (step
S5). In step S4, the polarity of magnetic portion 7 is switched
to generate magnetic flux in a direction opposite the direction
of magnetic flux ®1 generated at primary coil 2.

The magnetic flux ®2 passes through magnetic-substance
layer 5. Accordingly, magnetic flux ®2 becomes a magnetic
bias of magnetic-substance layer 5, and the saturated mag-
netic flux of magnetic-substance layer 5 changes (step S6).
The magnetic flux ®2 is generated in the direction opposite
the direction of the magnetic flux ®1 generated at primary
coil 2, and thus the saturated magnetic flux of magnetic-
substance layer 5 is larger. As a result, no magnetic saturation
is generated at magnetic-substance layer 5 by the magnetic
flux ¢1.

The magnetic flux ®2 penetrates the arbitrary surface of
secondary coil 4 surrounded with the conductor. When the
magnetic pole of magnet portion 7 is switched, the magnitude
of the magnetic flux ®2 put through secondary coil 4 also
changes, thus affecting the induced electromotive force of
secondary coil 4. After the magnetic pole of magnet portion 7
has been switched, the magnitude of magnetic flux ®2 put
through secondary coil 4 is constant. Thus, the induced elec-
tromotive force of secondary coil 4 is not affected.

While the AC current is supplied to primary coil 2, an
induced electromagnetic force is generated at secondary coil
4, and battery pack 6 is charged by the induced electromag-
netic force.

Charger 1 or portable electronic device 3 includes deter-
mination means for determining whether the charging of
battery pack 6 has been completed. After step S6, the deter-
mination means determines whether the charging of battery
pack 6 has been completed (step S7). When the determination
means determines that the charging of battery pack 6 has been
completed, the supplying of the current to primary coil 2 is
stopped, and the operation of the non-contact power trans-
mission device is ended.

When the determination means determines that the charg-
ing of battery pack 6 has been not completed, the supplying of
the current to primary coil 2 is continued. Then, the direction
of the current supplied to primary coil 2 is reversed, and the
direction of magnetic flux ®1 generated at primary coil 2 is
also reversed. Magnetic pole switching unit 8 detects the
reversal of the direction of magnetic flux ®1 generated at
primary coil 2 (step S3), and switches the magnetic pole of
magnet portion 7 (step S4).

Thus, magnetic pole switching unit 8 switches the mag-
netic pole of magnet portion 7 according to the direction of
magnetic flux @1 generated at primary coil 2. In other words,
the direction of the magnetic bias applied to magnetic-sub-
stance layer 5 is switched. Thus, the saturated magnetic flux
density Bmax of magnetic-substance layer 5 can be increased
corresponding to the direction of magnetic flux &1, and mag-
netic saturation at magnetic-substance layer 5 can be pre-
vented.
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The induced electromotive forces generated at the second-
ary coils will be compared with each other between the non-
contact power transmission apparatus according to the exem-
plary embodiment and the related non-contact power
transmission apparatus. The induced electromotive force
generated at the secondary coil is AC. However, when battery
pack 6 is charged, the flow of the induced electromotive force
is rectified by, for example, a rectification circuit, so that the
flowing direction of the current can be constant. Thus, power
transmission efficiency will be compared based on the abso-
lute values of the induced electromotive forces.

FIG. 10 is a graph showing changes with time of the abso-
lute values of induced electromotive forces generated at sec-
ondary coils 4. In FIG. 10, a solid line indicates the case of the
non-contact power transmission apparatus according to the
exemplary embodiment, and a chain line indicates a change
with time of the absolute value of the induced electromotive
force in the case of the related non-contact power transmis-
sion apparatus.

The size and the material of magnetic-substance layer 5
and the winding numbers and the materials of the primary and
secondary coils in the related non-contact power transmission
apparatus are similar to those of the exemplary embodiment.
In the related non-contact power transmission apparatus, the
magnitude of the magnetic flux ®1 generated at primary coil
2 is set as saturated magnetic flux at magnetic-substance layer
5 in a state where no magnetic bias is applied.

The magnitude of magnetic flux ®1 in the exemplary
embodiment is larger than that of the magnetic flux ®1 in the
related case. Thus, the induced electromotive force generated
at secondary coil 4 in the exemplary embodiment is larger
than that generated at related secondary coil 4. In the present
exemplary embodiment, when the magnetic bias is applied to
magnetic-substance layer 5 (portion A shown in FIG. 10), an
induced electromotive force is smaller than the related case
because the magnitude of magnetic flux ®2 of the direction
opposite that of magnetic flux ®1 changes. However, an
induced electromotive force generated per period (portion B
shown in FIG. 10) is larger than the related case.

Thus, according to the exemplary embodiment, even in the
case of magnetic-substance layer 5 of the size equal to that of
the related case, power transmission efficiency can be
increased without generating any magnetic saturation at mag-
netic-substance layer 5. In other words, magnetic-substance
layer 5 can be made thinner without reducing power trans-
mission efficiency, and the non-contact power transmission
apparatus can be made thin.

In the exemplary embodiment, magnetic-substance layer
5, magnet portion 7, and magnetic pole switching unit 8 are
arranged on portable electronic device 3 side. However, mag-
netic-substance layer 5, magnet portion 7, and magnetic pole
switching unit 8 can be arranged on charger 1 side, and
charger 1 can be miniaturized and made thin.

The example where the non-contact power transmission
apparatus of the present invention is applied to the combina-
tion of charger 1 and portable electronic device 3 has been
described. Not limited to this, however, the non-contact
power transmission apparatus of the present invention can be
applied to all devices that transmit power by using electro-
magnetic induction.

While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
the invention is not limited to these embodiments. It will be
understood by those of ordinary skill in the art that various
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changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the claims.

This application is based upon and claims the benefit of
priority from Japanese patent application No. 2010-207822,
filed Sep. 16, 2010, the disclosure of which is incorporated
herein in its entirety by reference.

2 Primary coil

4 Secondary coil

5 Magnetic-substance layer

7 Magnet portion

8 Magnetic pole switching unit
®1, ®2 Magnetic flux

The invention claimed is:

1. A non-contact power transmission apparatus compris-
ing:

a primary coil generating a magnetic flux;

a secondary coil disposed facing the primary coil to receive
power in a non-contact manner from the primary coil by
electromagnetic induction so that a magnetic flux of the
primary coil can pass through the coil;

a magnetic-substance layer disposed to cover a side oppo-
site a side of the secondary coil facing the primary coil so
that the magnetic flux of the primary coil that passed
through the secondary coil can pass;

a magnet portion disposed to be able to switch two mag-
netic poles and configured to generate a magnetic flux
that is larger than a difference between the maximum
value of the first magnetic flux generated at the primary
coil and the saturated magnetic flux of the magnetic-
substance layer and that passes through the magnetic-
substance layer in a direction in which the magnetic-
substance layer spreads; and

a magnetic pole switching unit that detects a direction of
the first magnetic flux generated at the primary coil, and
switches a magnetic pole of the magnet portion to gen-
erate a magnetic flux in a direction opposite the direction
of the magnetic flux.

2. The non-contact power transmission apparatus accord-

ing to claim 1, wherein:

the magnetic pole switching unit includes an electromag-
net to switch the magnetic pole of the magnet portion by
applying a magnetic force to the magnet portion;

the magnet portion is made of a resin material containing a
powdered magnet; and

the resin material has enough viscosity to keep the magnet
in a static state when no magnetic force is received from
the magnetic pole switching unit, and rotate the magnet
when a magnetic force is received from the magnetic
pole switching unit.

3. The non-contact power transmission apparatus accord-
ing to claim 2, wherein the magnetic pole switching unit
includes a magnetic flux direction detection coil that detects
the direction of the magnetic flux generated at the primary
coil by electromagnetic induction.

4. The non-contact power transmission apparatus accord-
ing to claim 1, further comprising a magnetic flux generation
coil generating a magnetic flux toward the magnetic flux
direction detection coil,

wherein the magnetic flux direction detection coil and the
magnetic flux generation coil are arranged in positions
not to be affected by the magnetic fluxes generated by
the magnet portion and the electromagnet.
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